Summary.-The present investigation, using various rosetting assays of cell suspensions prepared by mechanical disaggregation or collagenase digestion, demonstrated lymphoreticular cells in human normal brain (cerebral cortex and cerebellum) and in malignant brain tumours. The study revealed T and B lymphocytes and their subsets (bearing receptors for Fc(IgG) and C3) in 5/14 glioma suspensions, comprising < 15% of the cell population. Between 20-60% of cells in tumour suspensions morphologically resembled macrophages and s75%0 of these cells formed strong rosettes.
THE PRESENCE OF lymphocytes and macrophages within human solid tumours has been well documented (Underwood, 1] 974; James et al., 1977) . The precise function(s), however, of these lymphoreticular cells, and in particular their anti-tumour role in man, is still poorly defined (Vose & Moore, 1979;  Rhodes, 1980; Eremin et al., 1981a) . The brain, which lacks a conventional lymphatic system and has a so-called blood-brain barrier, has for many years been regarded as an "immunologically privileged site" (Medawar, 1948; Scheinberg et al., 1964 Scheinberg et al., , 1965 Morantz et al., 1978) . Recently, perivascular lymphocytic cuffs have been described in histological sections of human gliomas (Ridley & Cavanagh, 1971; Takeuchi & Barnard, 1976; Palma et al., 1978) and macrophages have been isolated from brain tumours .
The aims of the present study (using various rosetting assays) were 2-fold. First, to characterize the different lymphocyte subsets and macrophages infiltrating human brain tumours, and secondly to determine the surface-marker profile of the resident microglial-macrophage population in human normal brain.
MATERIALS AND METHODS
Clinical material.-Thirteen males and 3 females aged 5-62 years, and presenting with brain tumours (14 gliomas and 2 cerebral metastases) were randomly selected for study. At operation tumours were resected, if possible, together with a specimen of cancer free brain adjacent to the neoplasm. If surgical removal was deemed inadvisable biopsy only was carried out. Portions of normal brain (cerebral cortex, cerebellum) were also obtained at operations where some resection was necessary for access and removal of benign growths (meningioma, acoustic neuroma) and for surgical decompression in syringomyelia.
Cell su8pensions.-Immediately after surgery and under aseptic conditions, tumour specimens and normal brain were carefully minced with fine scissors and scalpel blades in culture medium (TCM) . TCM consisted of RPMI 1640 with 10% heat-inactivated foetal calf serum 25mM Hepes and 0 7 g/l sodium bicarbonate, 100 jug/l streptomycin and 100,000 iu/l penicillin G. Cells spilled out during this procedure. The cell-enriched supernatant was removed, filtered through sterile gauze layers to remove stromal fragments, and washed ( x 5) in TCM to remove residual debris (myelin fragments, necrotic cell remnants).
Normal brain, not adjacent to malignant growths, did not yield viable cells on mechanical disaggregation. Such tissue required enzymatic digestion: incubation with 300 iu/l of collagenase (Sigma type 1) at 37°C for 2-4 h. Cell viability was assessed by phasecontrast microscopy and cell type was determined morphologically (rosetted and nonrosetted cells) by fixed smears stained with Leishman's and wet slides stained with toluidine blue. Other cell-specific stains were also used (see below).
Cell-8urface markers.-The various lymphocyte subsets and surface-marker characteristics of macrophages were determined using techniques whose methodology has been described (Eremin et al., 1976; Coombs et al., 1977) . Briefly, the thymus-derived T lymphocytes were detected by the non-specific sheep red blood cell (SRBC) rosettng and the surface immunoglobulin (sIg-) bearing B lymphocytes by the direct antiglobulin rosetting reaction (DARR). The DARR assay was also used to detect immunoglobulin (alone or complexed and probably cytophilic) on the surface of the macrophages and/or microglial cells. The (IgG) Fc-receptor-bearing lymphocyte subset and macrophage-microglial populations were detected by opsonic adherence of ox RBC coated with a sub-agglutinating and optimal dose of rabbit IgG anti-ox-RBC antibody. Complement-receptor-bearing lymphocytes and macrophage-microglial populations were determined by rosette formation with ox RBC coated with a subagglutinating but optimal dose of rabbit IgM anti-ox-RBC antibody and CS-deficient mouse complement.
To detect astrocytes within our glioma cell suspensions, a fluorescein isothiocyanatelabelled rabbit anti-human-GFAP antibody (1:100) was used on alcohol-fixed smears of tumour-cell preparations (rosetted and nonrosetted). The rabbit anti-human-GFAP (glial fibrillary acidic protein) antibody was prepared by Dr M. Raff, as outlined in a previous publication (Raff et al., 1979) .
Cell treatments.-Sephadex G-10: In order to define more precisely the nature of the small (8-12 ,um) cells found in the tumourcell preparations, a brain tumour-cell suspension was passaged through a Sephadex G-10 column (Kanski et al., 1981) In most of the tumours, the mediumsized cells (15-25 yim) and the large cells (25-40 ,um) predominated. In most preparations a substantial number (20-60%) of the medium-to-large cells had the morphological characteristics of monocytes-macrophages. Others were obviously tumour cells (bizarre nuclear shape and size, multiple nucleoli) whilst a significant proportion of the cells (10-30%) could not be identified with certainty. Contamination by red blood cells was variable but usually low; the RBC:polymorphonuclear ratio indicate that the mononuclear cells were isolated from the extravascular compartment of the tumour. It was not possible to quantify accurately the various cell types.
Normal brain preparations
As with brain-tumour preparations, a heterogeneous population of cells was 5 obtained. In contrast to the tumour-cell suspensions, however, the predominant cell was usually small (8-12 ,im). The small cells, like their counterparts in tumour cell suspensions, were irregular in outline with abundant and granular cytoplasm. They did not resemble lymphocytes or plasma cells; their precise nature was uncertain and they may be microglial. The remaining cells were usually medium-sized (no obvious tumour cells seen) and many resembled monocytemacrophages (-70%).
Lymphoreticular cells in human brain tumours
Histology.-There was no histological evidence of a host lymphoreticular cell infiltrate in 8/14 (57%) gliomas. In the remaining 6 (43%) primary tumours and in the 2 secondary growths, a variable degree of lymphocytic perivascular cuffing was seen (+ 1-+ 3). The lymphocytic infiltrate was prominent, however, in only 5 of the glioma specimens. There was no obvious correlation between the histological type of tumour (astrocytoma-II, III, IV, oligodendroglioma, medulloblastoma) and the presence or absence of a lymphocytic infiltrate. Monocyte-macrophages were identified with certainty in only one of the tumour specimens.
Rosetting small cells (8-12 ,um ).- Table I shows the surface-marker characteristics of the small cells isolated from the brain tumours: lymphocytes, when present, and "microglial" cells. Thymus-derived T lymphocytes, detected by rosette formation with SRBC, were found only in cell preparations with histological evidence of a prominent lymphocyte infiltrate. The B lymphocytes and lymphocyte subsets Fc bearing and C3 receptors, showed a variable range of values. The nonlymphocyte small rosetting cells appeared to be non-malignant, as assessed by bright-field illumination and electron microscopy, and were regarded as being microglial (see below). In the brain tumour-cell preparations a variable percentage (15 + 14%) of the small cells also rosetted with control indicator cells (normal rabbit immunoglobulin chromic chloride linked to trypsin-treated ox RBC) and therefore behaved like macrophages (Coombs et al., 1977) .
Rosetting medium-large cells (15-40 ,um).
-As can be seen from Table I , none of the medium-large cells obtained from the different types of brain tumours formed nonspecific E-rosettes with SRBC. The percentage of (Fc)IgG-receptor C3-receptor-and Ig-bearing subsets were comparable to the values determined for the small cells as a whole or within each tumour preparation. As with the small cells, some rosettes (25 + 27%) were formed with control indicator cells in the DARR assay (Coombs et al., 1977) suggesting a macrophage-like reactivity. Many of the rosetting cells (20-60%) resembled macrophages morphologically, but it was not possible, because of the (Table II) prepared either by mechanical disaggregation or by short-term collagenase digestion. The latter technique has been shown previously not to lead to selective losses of T or B lymphocytes (Eremin et al., 1981b 
Electron microscopy of rosetted cells
Rosetted RBC appeared attached by fine cytoplasmic processes to the mononuclear cells; both the non-lymphocytic small cells and the medium-large cells. These cells all showed the fine structural features characteristic of macrophages. The nuclei were oval or irregular in shape, with dense chromatin beneath the nuclear envelope. The cytoplasm was relatively abundant and contained numerous lipid vacuoles, electron-dense cell debris and myelin figures. Some cells had also phagocytosed RBC. Mitochondria and roughsurfaced endoplasmic reticulum, although present, was sparse. None of the rosetting cells showed cytoplasmic fibrils, suggesting further a non-astrocytomal origin for the cells. No rosetting tumour cells were seen, in contrast to an earlier report (Phillips et al., 1979) . Small (17) Medium-large (83) Small (25) Medium-large (75) Small (27) Medium-large (73) Small (40) Medium-large (60) % of cells rosetting Brain tumours.-The various gliomacell preparations (3 specimens) in shortterm culture progressively lost their ability to rosette with the various indicator cells; by the third subculture no rosetting cells were detected.
DISCUSSION
The present study reveals the presence of lymphocytes in some human primary and secondary malignant growths of the brain. The lymphocytes were detected both by histological examination of the tumour specimens (in 6/14 gliomas and in 2 secondary tumours) and by surface-marker rosetting reactions in 5/14 gliomas (36%). This data confirms the previously reported histological findings of perivascular lymphocyte cuffing in human gliomas (Ridley & Cavanagh, 1971; Takeuchi & Barnard, 1976; Stavrou et al., 1977; Palma et al., 1978) .
The lymphocytes, when present in the tumour-cell preparations, constituted < 15% of the total cells isolated; a similar percentage to that found by with enzymatically treated malignant growths of the human brain. No correlation was found, in the samples available, between the pathological type of tumour and the different subsets. The various lymphocyte subpopulations (T lymphocytes predominating) were detected only in those tumour-cell preparations with histologically confirmed prominent lymphocytic infiltrates.
There is a paucity of data in the literature about the various lymphocyte subsets found in tumours of the human central nervous system. Stavrou et al. (1977) (Konigsmark & Sidman, 1963; Roessmann & Friede, 1968; Oehmichen & Gencic, 1975; Fujita & Katamura, 1976) . It therefore seems probable that many of the tumourinfiltrating macrophages found in the present study were also derived from blood monocytes. Such an origin could explain the presence of cytophilic immunoglobulin on the macrophage surface.
Macrophages have been recently described in both human brain tumours and in chemically induced brain tumours in rats (Lantos, 1975; Morantz et al., 1979) . using enzyme-dispersed glioma-cell preparations, found a range of values comparable to those in our series, suggesting that the macrophage numbers in our study were not due to selective release of the macrophages by the dispersal technique. The macrophages were assessed morphologically and by the presence of the Fc(IgG) receptor, but as in our rosetting assays, the authors were not able to establish unequivocally the exact nature of some of the Fc-receptorbearing cells. In contrast to our findings, were not able to detect C3-receptor-bearing macrophages. These authors, on the other hand, used trypsin to prepare their tumour cell suspensions-a procedure known to readily remove C3 receptor from the cell surface (Eremin et al., 1977) . Macroglial cells (Glees et al., 1978) and tumour cells (Kerr & Searle, 1972) have been documented expressing phagocytic activity, and therefore could possibly possess surface receptors for Fc and C3. Our studies, using electron microscopy and astrocyte-specific anti-GFAP, as well as the rosetting reactions, found no evidence to substantiate the presence of malignant cells (astrocytes, oligodendrocytes) rosetting with the different indicator cells in our tumour preparations.
The data obtained in this investigation also shows that cell suspensions from the normal cerebellum and cortex (grey and white matter) of man, obtained either by mechanical disaggregation or by collagenase digestion, are devoid of lymphocytes, but possess cells morphologically like macrophages. These macrophages, like their counterparts in tumour-cell preparations, express receptors (albeit less avidly) for Fc (IgG) and C3, and have surface immunoglobulin (probably cytophilic). We made a similar limited study of 2 normal rat brains and found a population of receptor positive cells.
Autoradiographic studies have provided some evidence that the macrophage-like cells in normal brain probably arise in the marrow (Roessmann & Friede, 1968) and subsequently become circulating blood monocytes (Konigsmark & Sidman, 1963) -not unlike the migratory route of the macrophage into the damaged brain.
Cell suspensions prepared from gliomas and cancer-free brain also contained a third population of cells. This population consisted of small, non-lymphocytic, phagocytic cells expressing receptors for Fc(IgG) and C3. This cell subset may be the resident "microglial" population. Oemichen & Huber (1976) have presented convincing evidence that following trauma to the rabbit brain, glass-adherent, phagocytic cells with Fc(IgG) and C3 receptors accumulate in the wound; some they describe as emigrant blood monocytes and others as proliferative resident microglial cells-differentiated by silver impregnation). Kitamura et al. (1977) and Blakemore (1975) also claim to be able to differentiate resident microglial cells from macrophages, by silver staining and the presence of microtubules respectively. There is, on the other hand, equally convincing data from other workers that microglial cells and brain macrophages are either one and the same cell or are derived from the same cell precursor in the brain; the stem cell being initially derived from, and possibly subsequently replenished by, cells of the haematogenous compartment (Lantos, 1975; Das, 1976; Fujita & Kitamura, 1976) .
The presence of macrophage-like cells (Fc-receptor-bearing, phagocytic) in gliomas is not entirely unexpected, but the demonstration of such cells as a resident population in human normal cerebral cortex and cerebellum, albeit in a less activated state, is of considerable importance, and points to the existence of a possible immunological defence mechanism, despite the absence of a conventional lymphatic system. We wish to express our thanks to Mr J. Gleave and Mr A. Holmes of the Department of Neurosurgery, New Addenbrooke's Hospital, for their cooperation. The rabbit anti-human GFAP serum was a gift, and was prepared by Dr M. Raff of the M.R.C. Unit, Department of Zoology, University College, London. This work was supported by the Cancer Research Campaign and a Bebee Foundation grant to Dr Phillips.
